Background
==========

The role of tracheostomy during the pandemic of coronavirus disease 2019 (COVID-19) is still to be determined. The decision about performing tracheostomy in patients affected by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) presents unique challenges. Mortality rate for those requiring critical care and invasive mechanical ventilation is higher (approximately 50%) than in non-COVID-19 patients \[[@b1-amjcaserep-21-e926731],[@b2-amjcaserep-21-e926731]\], and the prognosis and sequelae of this new disease have not been fully understood yet. In Wuhan (China), of 201 patients requiring intubation, 134 patients died (67%) \[[@b3-amjcaserep-21-e926731]\]. The same mortality rate has been reported in Washington State \[[@b4-amjcaserep-21-e926731],[@b5-amjcaserep-21-e926731]\]. Tracheostomy normally eases weaning from invasive mechanical ventilation to natural breathing, and also prevents long-term complications, including tracheal stenosis. In patients affected by SARS-CoV-2, a different trend has been observed: during invasive mechanical ventilation there has been either a rapid progression toward death or a quick resolution; in both cases benefits from tracheostomy would be null \[[@b5-amjcaserep-21-e926731]\]. Such reasons increase the risk of performing futile procedures if tracheostomy is carried out too early \[[@b6-amjcaserep-21-e926731]\]. In addition, the risk of viral dissemination caused by tracheostomy in the operating room and in postoperative care is notable \[[@b5-amjcaserep-21-e926731]\]. Therefore, current literature and opinion suggest that tracheostomy should be considered only after invasive mechanical ventilation. Additional criteria for tracheostomy are the favorable prognosis of the patient and the fact that it does not impede breathing \[[@b1-amjcaserep-21-e926731]--[@b3-amjcaserep-21-e926731]\]. The decision on the timing of tracheostomy is even more complex because the complication rate of tracheostomy in positive COVID-19 patients is still undetermined, especially in late-performed ones.

Postintubation tracheal stenosis is a well-known risk of prolonged endotracheal intubation, but in systematic reviews there is no statistically significant evidence that it is reduced in patients treated with early tracheostomy.

The current literature estimates the incidence of posttracheostomy stenosis from 1.5% to 2.6% \[[@b7-amjcaserep-21-e926731]--[@b9-amjcaserep-21-e926731]\]. Tracheal stenosis in patients who underwent orotracheal intubation is estimated to be 1--2%. Therefore, the rates are comparable, with no substantial difference between the procedures \[[@b8-amjcaserep-21-e926731],[@b9-amjcaserep-21-e926731]\].

Early conversion to tracheostomy within the first 7 days of intubation does not significantly decrease the risk of tracheal stenosis compared with later conversions. Anyway, it is too early to define the existence of any difference among the cohort of COVID-19 and non-COVID-19 patients \[[@b10-amjcaserep-21-e926731]--[@b12-amjcaserep-21-e926731]\].

Tracheostomy can be performed either as an open procedure or percutaneously, depending on the patient's characteristics and on the surgeon's preference. An important recent meta-analysis \[[@b13-amjcaserep-21-e926731]\] showed that there was no statistically significant difference between the 2 techniques in terms of mortality rate, intraoperative hemorrhage, and postoperative hemorrhage. At the moment, there is no scientific evidence on which of the 2 procedures is preferable for COVID-19 patients \[[@b12-amjcaserep-21-e926731]\].

In this paper we report cases of 2 patients presenting with COVID-19 pneumonia who required tracheostomy and prolonged invasive mechanical ventilation and developed delayed tracheal stenosis.

Case Reports
============

Case 1
------

A 54-year-old male was admitted to our hospital (Ospedale Degli Infermi, Biella, Italy) with symptoms corresponding to SARS-CoV-2 infection. He presented with hypertension, obesity (body mass index \[BMI\] 32), and disc herniation (L1--L2). A computed tomography (CT) scan was performed and showed bilateral diffuse opacities compatible with interstitial pneumonia. A nasopharyngeal swab confirmed the diagnosis of SARSCoV-2. The patient showed severe respiratory distress and subsequently underwent to orotracheal intubation. After 7 days in the intensive care unit (ICU), an open surgical tracheostomy was performed. The patient was then transferred to semi-intensive care. With progressively improved breathing function, the cannula was removed and the patient was discharged after 20 days, with oxygen saturation of 98%.

Ten days later, the patient was brought to our emergency room with severe respiratory distress. CT scan and bronchoscopy were performed and showed signs of tracheal stenosis ([Figures 1](#f1-amjcaserep-21-e926731){ref-type="fig"}, [2](#f2-amjcaserep-21-e926731){ref-type="fig"}). We administered intravenous infusion of 80 mg/day of 6-methylprednisolone (6-MP) for 10 days. The patient showed increasing improvement in his breathing function and was discharged with no other signs of respiratory distress.

Case 2
------

A 43-year-old male was admitted to our hospital with symptoms corresponding to SARS-CoV-2 infection. He had diabetes mellitus type 2 and was obese (BMI 42). A CT scan was performed and showed bilateral diffuse opacities compatible with interstitial pneumonia. A nasopharyngeal swab confirmed the diagnosis of SARS-CoV-2. The patient showed severe respiratory distress and subsequently underwent orotracheal intubation. After 9 days in the ICU, an open surgical tracheostomy was performed. The patient was then transferred to semi-intensive care. After progressive improvement in his breathing function, the cannula was removed and the patient was discharged after 25 days, with an oxygen saturation of 96%.

Eighteen days later, the patient was brought to our emergency room with severe respiratory distress. CT scan and bronchoscopy were performed; signs of tracheal stenosis were visible ([Figures 3](#f3-amjcaserep-21-e926731){ref-type="fig"}, [4](#f4-amjcaserep-21-e926731){ref-type="fig"}). We administered intravenous infusion of 80 mg/day of 6-MP for 10 days. The patient did not show any improvement in his breathing function and had to undergo tracheal resection.

Discussion
==========

Between March and April 2020, 15 tracheotomies were performed at Ospedale Degli Infermi (Biella, Italy) for patients with COVID-19 pneumonia after invasive mechanical ventilation. All tracheostomies were performed through open procedures.

The diagnosis of SARS-CoV-2 infection was always confirmed by reverse transcription -- real-time polymerase chain reaction from nasopharyngeal swabs.

A multidisciplinary intensive-care group made up of anesthesiologists and ear, nose, and throat (ENT) surgeons agreed on proceeding with tracheostomies in such patients. All procedures were carried out below the isthmus of the thyroid gland, incising the trachea, when possible, between the second and third tracheal rings, with several detached ties (from minimum of 5 to maximum 8 ties) with nonabsorbable stitches, following the guidelines of the Italian Society of Otolaryngology in every procedure. The first cannula change was delayed to 7--10 days. Of 15, 5 patients recovered clinically and serologically in the following weeks.

Upon discharge from the ICU, patients were transferred to a dedicated department for tracheostomized COVID-19 patients with specifically trained and experienced nursing staff. The decision to remove the cannula was made by the multi-disciplinary team after verifying that the patient was able to breathe without mechanical adjuvants, as well as clinical and serological healing that was determined through 2 negative nasopharyngeal swabs. All 5 patients then underwent bronchoscopy with evidence of normal laryngeal and tracheal findings before the cannula removal.

At the moment of discharge, all 5 patients were in good health, with 96--98% saturation, without any oxygen administration, and no respiratory distress.

Approximately 2 weeks after discharge, 2 of 5 patients developed progressive respiratory fatigue. They were brought to the emergency room, where they underwent neck and chest CT and bronchoscopy. Both patients showed marked tracheal stenosis, with reduction of respiratory volumes. At bronchos-copy, markedly fibrotic inflamed granulation tissue was found in the trachea. The patients were readmitted to specialized departments and assessed by a multidisciplinary group of pneumologists, anesthesiologists, and ENT surgeons. The decision was made to treat patients with significant doses of steroids as primary therapy.

One patient experienced rapid improvement in respiratory function and the second bronchoscopy, performed after a week, showed a good reduction of the inflammatory tissue stenosing the trachea. The second patient, however, showed no significant improvement and it was necessary to proceed with tracheal resection. These 2 patients had no particularly different risk factors compared with the other 3 patients who did not develop any tracheal complications ([Table 1](#t1-amjcaserep-21-e926731){ref-type="table"}).

There are still no data in the literature about the possible appearance of tracheal stenosis in COVID-19 patients after prolonged intubation and tracheostomy. In this manuscript we reported 2 cases of tracheal stenosis in such patients. This posttreatment complication appeared 10 and 18 days after discharge. It is well known that the most common cause of tracheal stenosis is iatrogenic, particularly common when large endotracheal tubes are used and in instances of a prolonged endotracheal tube placement \[[@b14-amjcaserep-21-e926731]--[@b16-amjcaserep-21-e926731]\]. However, it is not clear if the risk increases in COVID-19 patients. Laryngotracheal stenosis may also develop as a consequence of several auto-immune and rheumatological diseases. Its most known association is represented by granulomatosis and polyangiitis. Laryngotracheal stenosis was noticed in 12 to 23% of patients with granulomatosis \[[@b17-amjcaserep-21-e926731],[@b18-amjcaserep-21-e926731]\]. In addition, higher rates of tobacco consumption, cardiovascular disease, obesity, and diabetes may cause increased vulnerability to ischemic damage and dysregulated wound healing \[[@b15-amjcaserep-21-e926731]\].

At Ospedale Degli Infermi we reported 2 cases of severe tracheal stenosis of 5 COVID-19 extubated patients (complication rate: 40%); we did not detect any case of stenosis in 58 non-COVID patients who underwent tracheostomy in our department in the 2 previous years. Many factors are known to influence the incidence of tracheal stenosis or are considered likely to do so. Some examples are the injury severity, duration of intubation (pretracheostomy), posttracheostomy duration, cuff management, and ICU management. However, it is reasonable to think that COVID-19 patients may have a higher risk of developing tracheal stenosis. This is because those patients often have comorbidities such as hypertension or diabetes, are subjected to long intubation periods, and, above all, they show a marked tendency to tissue inflammation, which causes altered healing and fibrosis.

The decision to administer steroids was made on the grounds of the well-known fact that in COVID-19 patients, an overreaction of the immune system results in a cytokine storm. These cytokines induce immune cells to release a vast number of free radicals, which are the leading cause of multiple organ failure. Immunosuppression is essential to treat cytokine storms, especially for patients under the most severe distress. Steroids, as they are immunosuppressives, were widely used in treatment of COVID-19 to decrease cytokine storm and reduce the severity of inflammatory damage \[[@b19-amjcaserep-21-e926731]\]. In 1 patient we found a remarkable and decisive improvement with the administration of steroids, which avoided having to use invasive procedures.

Conclusions
===========

In this paper we reported 2 cases of tracheal stenosis in COVID-19 patients undergoing prolonged intubation and subsequent tracheostomy. Obviously, more histopathological and statistical data are needed in the next months to draw more evident conclusions and compare the data with those of COVID-19-negative patients. This could allow us to determine if the risk of tracheal stenosis is higher in COVID patients. This risk may be due to severe virus-related inflammatory damage and by the proven higher prevalence of stenosis in patients with chronic and granulomatous inflammatory diseases, similar conditions as in COVID-19.

The 2 cases presented in this report have shown that even when patients recover from severe COVID-19 pneumonia requiring tracheostomy and mechanical ventilation, tracheal stenosis should be recognized as a potential complication and careful follow-up is required.
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![Case 1. Lung computed-tomography (CT) image from a 54-year-old man with coronavirus disease 2019 pneumonia who required tracheostomy for mechanical ventilation. Ten days after hospital discharge, the patient returned with respiratory distress. The CT scan shows tracheal stenosis (arrow) with clear lung fields.](amjcaserep-21-e926731-g001){#f1-amjcaserep-21-e926731}

![Case 1. Bronchoscopic image from a 54-year-old man with coronavirus disease 2019 pneumonia who required tracheostomy for mechanical ventilation. The bronchoscopy shows the tracheal stenosis that occurred 10 days after hospital discharge.](amjcaserep-21-e926731-g002){#f2-amjcaserep-21-e926731}

![Case 2. Lung computed-tomography (CT) image from a 43-year-old man with coronavirus disease 2019 pneumonia who required tracheostomy for mechanical ventilation. Eighteen days after hospital discharge, the patient returned with respiratory distress. The CT scan shows tracheal stenosis (arrow) with clear lung fields.](amjcaserep-21-e926731-g003){#f3-amjcaserep-21-e926731}

![Case 2. Bronchoscopic image from a 43-year-old man with coronavirus disease 2019 pneumonia who required tracheostomy for mechanical ventilation. The bronchoscopy shows the tracheal stenosis that occurred 18 days after hospital discharge.](amjcaserep-21-e926731-g004){#f4-amjcaserep-21-e926731}

###### 

Extubated coronavirus disease 2019 patients after surgical tracheostomy (in **bold**, characteristics of patients with tracheal stenosis).

  **Patient no.**   **Male/Female**   **Age**   **Body mass index**   **Other diseases**                 **Time of tracheostomy (days after hospital admission)**
  ----------------- ----------------- --------- --------------------- ---------------------------------- ----------------------------------------------------------
  **1**             **M**             **54**    **32**                **Hypertension, disc hernation**   **7**
  **2**             **M**             **43**    **42**                **Obesity**                        **9**
  3                 F                 78        36                    Colon cancer, hypertension         11
  4                 M                 68        37                    Asthma                             12
  5                 M                 62        29                    Anemia, hepatitis C                10
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